The implementation of new methods of oseoporotic therapy requires tests on an animal model. One of the best is the sheep, whose numerous advantages over other models are described in the literature. The aim of this study was induction of osteoporosis using steroids and ovariorectomy methods in sheep and description of the change in parameters with regard to healthy sheep. The study was performed on female "merino" breed sheep divided into three groups: Negative control (NC) healthy animals, positive control (PC) ovariorectomised animals and steroid group (SC) where methylprednisolone was implemented. Blood tests, diagnostic arthroscopy, quantitative computed tomography and X-Ray micro-tomography of bone were carried out. Blood tests revealed a decreased level of estrogens, progesterone and increased parathormone and cortisol levels in the SC group. A decrease in bone turnover markers and an increase in bone resorption markers in all groups were also noted. Diagnostic arthroscopy revealed osteoarthrosis in PC and SC groups. Radiological density tests showed a slight decrease in PC and NC groups whereas there was more than a triple decrease in SC. Results obtained from microCT showed quickly developing osteoporosis in the SC group, which is reflected in numerous parameters analysed in this study. The best effects for osteoporosis induction were obtained using ovariorectomised sheep with methylprednisolone injections.
Introduction
Osteoporosis is a social disease which -due to the ever-aging population -affects a wide number of people, particularly women, over 50 years of age. It is estimated that in Poland there are 3-5 million people affected by increased risks of fractures due to osteoporosis. In 25-30% of patients -as a result of complications after fractures -it can lead to permanent disabilities and even death within one year after injury (Rabiega et al. 2000) . These fractures are also perceived in socio-economic terms due to rising health-care costs. Therefore, it is important to make an early diagnosis and provide appropriate treatment, which can significantly reduce the prevalence of negative outcomes. Changes in the micro-architecture of bone tissue are linked with changes in its mechanical properties (strength) leading to changes within its structure. Osteoporosis has been the subject of studies undertaken by numerous clinical and research centres around the world. The aetiology of this disease has not been fully recognised yet; however, there are numerous hypotheses concerning its formation. One of these states that changes in the structure of spongy bone tissue are caused by imbalances in the process of its resorption and formation. These processes of bone remodelling are controlled by a number of biological and chemical factors such as: level of hormones, quantity of mineral components and nutrients and mechanical stimuli. Disorders within particular stages of bone remodelling are caused by changes in individual pathways of bone metabolism, including excessive bone resorption by osteoclasts.
The experiments are most often conducted on animal models. The sheep model seems to be the best one, due to its appropriate rate of metabolism of bone tissue together with the size and anatomy of its skeleton (Newton et al. 2004 , Oheim et al. 2012 . Osteoporosis, as defined above, does not directly affect animals, therefore one of the first stages of examination performed in vivo on animal models is to provide conditions which are clinically similar to osteoporosis. This is a rapid loss of bone mass by 30%. There are numerous methods to induce osteoporosis such as: ovariectomy, removal of female gonads, diet change to low protein and micro-and macroelement content, application of corticosteroid medications, limitation of physical activity or immobilisation of animals. The fastest results are achieved through a procedure of ovariectomy, which causes the inhibition of production of estrogens and thus hormonal disorders. In addition, a limited level of physical activity of animals is kept, thus reducing mechanical stimuli which leads to the slowing down of their metabolism. In addition, access to daylight is limited, which causes metabolic disorders of vitamin D. All of these actions cause a gradual decline of bone tissue density. During the experiments on animals, the best procedure to intensify the decline in bone tissue mass is to introduce an additional steroidal therapy. Therefore, the aim of this study was to induce osteoporosis in sheep and describe the influence of different factors on sheep bone structure.
Materials and Methods
The study material consisted of 49 "merino" breed sheep (n=49), female, aged 5-6 years, weighing 50-60 kg. Every sheep was weighed before the start of the experiment. The animals were divided into three groups. The first group consisted of sheep which had undergone ovariectomy and a steroidal therapy (SC) (n=35). The second and third groups were treated as a reference (PC n=7 and NC n=7). In the NC group (negative control) neither ovariectomy had been performed nor a steroidal therapy applied at a later stage. The PC group (positive control) consisted of sheep which had undergone only ovariectomy. All the animals during the experiment were kept in the same conditions. In order to reduce their physical activity, they were placed in 10 m 2 boxes, three animals per box. In order to maintain a low protein and mineral components diet throughout the experiment, the sheep were fed only with hay twice a day (water without limit). After their two-week acclimatization period the SC and PC group animals underwent ovariectomy.
In the SC group 30 days after the ovariectomy, methylprednisolone aT dose of 150 mg/sheep was applied four times at 20-day intervals. 21 days after the last application of steroidal treatment the animals were subjected to euthanasia. At the final stage, the sheep were subjected to dissection and their epiphyses were taken for further study. The samples, until examinations, were stored at a temperature of -20 o C in double plastic packaging.
Blood tests
Blood samples were tested twice. The first blood samples were taken from sheep 14 days after the start of the experiment (accommodation time) and the second time on the day of their euthanasia. In each case blood was taken from the jugular vein (Latin: vena jugularis). It was subjected to hormones -estradiol, cortisol, progesterone, parathormone, and bone turnover markers: alkaline phosphatise (b-ALP) and CTX level determination tests 
Clinical tests

Diagnostic arthroscopy
Diagnostic arthroscopy of the knee-joint, with a special focus on the structure of patella surfaces, was the first stage of examinations performed in vivo. The treatment of arthroscopy was conducted using rigid-optics with a diameter of 2.7 mm and an angle of After inputing an arthroscope into the knee-joint, articular surfaces of the following epiphyses: distal femoral, proximal tibial and patella articular surfaces were recorded. With the use of the probe articular cartilage was examined by pressing its surface. The examination was recorded with the use of an arthroscope camera (Fig. 1 ).
Quantitative computed tomography (QCT)
The use of quantitative computed tomography (QCT) was a subsequent stage of the structural examination. QCT was aimed at visualising the structure of bioptats and determination of their radiological density (HU). The bioptats were taken from the animal's iliac crests using diamond trephine drills. The examinations were performed with the use of a 64-row DIS-COVERY 690 CT scanner made by GE ® . Pictures with a layer thickness of 0.625 mm were taken at a resolution of 512x512 pixels. Additionally, a special bone filter (BONE PLUS) was used.
X-Ray micro-tomography (μCT)
In order to quantitatively determine the structure of sheep bone tissue, measurements with the use of x-ray micro-tomography were performed. A SkySkan 1172, 100kV, Bruker ® micro-tomograph was used for the examinations. An x-ray tube with a spot size <5 μm was the source of radiation for the micro-tomograph. The voltage range was 20-100 kV and current range 0-250 μA. A CCD: 11 MPx (4000x2100) camera was the x-ray radiation detector. The examinations covered material originating from the following epiphyses: proximal coxal (hip articulation), humeral (shoulder articulation), the glenoid fossa of the scapula and patella. As a result of scanning every 13. 
Results
Blood sample analysis revealed that the level of estradiol decreased in the SC group in relation to the beginning of the experiment. Increases in this parameter were then reported in the both control groups, NC and PC. For progesterone, a major decrease was noted in the SC group and only a minor increase in the PC group. The analysis of cortisol and its levels provided evidence that there were large decrease in the PC and SC groups. The maximal level of cortisol occurred in the group of animals which were given corticosteroids -91% (SC group). The parathormone level was below 2.5 pq/ml in the NC and PC groups -both at the beginning of the experiment and at the end. However, there was an abrupt increase (of 111%) in the SC group. In the analysis of bone turnover markers, it was observed that there was a decline of the bone-formation marker alkaline phosphatase (b-ALP) by similar values in each of the experimental groups. The most extensive decline occurred in the PC group (43%), while in the SC group the decline was 23%. For the bone resorption marker CTX, the maximal increase in level was observed in the PC group (up to 82%), while added steroidal medications caused a rise of 43% (Fig. 2) .
Analysing the results of the first stage of the structural examinations including the diagnostic arthroscopy of the sheep knee-joint, osteoarthrosis was present in animals from the PC and SC groups. Among others, it was related to the conditions in which the animals were kept for the duration of the experiment. Small boxes limited animal movements which resulted in reduced movements of their joints. This led to an unequal and inadequate level of nutrition of articular cartilage by nutritional compounds contained in the synovial fluid. However, the major cause of the development of osteoarthrosis was the inhibition of production of estrogens after removal of the female gonads (ovariectomy).
There was a slight decrease in bone radiological density (4%) in the positive and negative control groups. In the group of sheep which additionally received steroidal medications, a more than triple decline of bone radiological density was perceived (13%) (Fig. 3) .
On the basis of the results obtained it can be observed that -in comparison with the negative control group -the samples of proximal femoral bone epiphysis in the group treated with ovariectomy (PC) are characterised by higher values of their structural parameters related to an increase in volume of tissue and a decrease in porosity. These samples are characterised by a larger number of trabeculae (28%) and consistency (38%) and additionally by increased thickness (1.5%). Changes in the values of these parameters cause the nature of the tissue (into more plate-based) to change as well (SMI parameter). In addition, by introducing a therapy with steroidal medications, bone tissue of the proximal femoral bone epiphyses changes its structural properties becoming more porous (increased porosity by 19%). Changes in its porosity are related to a reduction in the number of bone trabeculae (21%), consistency (34%) and thickness (5%). The samples from the SC group change their nature (they become more mixed). By analysing the results obtained it can be stated that bone tissue of humeral bones, similarly as for glenoid fossa of the scapula, are characterised by a very high level of porosity (up to 80%), which still increase in sheep treated with ovariectomy (PC and SC). The porosity rises in spite of an increasing average number of bone trabeculae (32%) and their combinations (54%). Tissues are characterised by their firmly plate-based nature. In both groups there is a thinning of bone trabeculae (PC 26%, SC 5%), which leads to changes in the total porosity of the samples (0.5%).
In the case of the samples taken from the patellae for analysis, it can be observed that there was an increase in density and a decrease in porosity both in the PC group in relation to the negative control group and in the SC group in relation to the positive control group. The samples from the PC group are characterised by a 26% increase in thickness with their decreased number (14%) and lowered consistency (64%). Following the introduction of steroidal medications, the porosity of bone tissue at the patellae decreases even further and the consistency (103% up) and number of bone trabeculae increase (2.5% up) while their thickness decreases (3% down). By analysing the results obtained it can be observed that there is an increase of factual density in the group of sheep treated with ovariectomy in relation to the negative control group (16% up). The introduction of steroidal medications causes a drop in the parameter (7.5% down) in relation to the ovariorectomy group. While agreeing with Sigrist et al. (2007) that the measurement of density of bone is not sufficient to determine the strength of bones and the scope of their reconstruction, histomorphometric examinations of bone samples were performed with the use of microCT. The parameters specifying changes of bone density (BV/TV, Tb.N, Tb.Th, Conn.Dn) and changes of porosity (Po.tot, Po.cl, Po.op, BS/BV) were determined. Similar parameters were monitored by Turner et al. (1995) and Schorlemmer et al. (2003) . By analysing the obtained results, it can be observed that in the group of sheep treated with ovariectomy (PC) in relation to the negative control group (NC), based on the samples from the proximal femoral bone epiphyses, the group is characterised by a general increase in bone density parameters and a decrease in porosity, including total density of 15%. Samples from the SC sheep, based on samples from the proximal femoral bone epiphyses, indicate that there was a decrease in bone density parameters and an increase in porosity in relation to the PC group. Thus, it may be concluded that the application of steroidal medication significantly affects bones and their micro-architecture, which leads to the thinning of bone trabeculae (Tb.Th 5%), reduced level of bone trabeculae (Tb.N 22%), decreased bone tissue in volume per sample (BV/TV 26%), lowered consistency (ConnD 34%). In addition, these medications also increase bone porosity (Po.tot 19%, Po.cl 18%, Po.op 20%, BS/BV 6%). These results are confirmed by Lill et al. (2002) where they state that glucocorticosteroids in sheep lead to a reduced number of bone trabeculae (Tb.N), and decreased consistency and number of connections (ConnD down). In contrast, in humans they reduce the thickness of bone trabeculae (Tb.Th down) and do not cause changes in their consistency (Fig. 4, 5) .
Discussion
Data from the literature indicate that bone turnover markers can be useful to determine and assess rates of bone reconstruction and to monitor changes taking place in the course of osteoarthritis. Their concentration is the result of activities of all reconstruction processes occurring in the skeletal system within a given period of time (de Ridder et Delemarre-van de Waal 1998). As there are not many reports related to the study of bone turnover markers and their levels in animals in the world literature, the present study includes the examination of CTX and its level as a marker of bone resorption, and b-ALP and its level as a marker of bone formation in order to establish (or exclude) the relevance of these parameters in further examinations and studies. Peichl et al. (2001) indicated that CTX shows positive correlations with bone mass loss in patients affected with osteoporosis -it may serve as an indicator of fracture risk. Gajewska et al. (1999) -in order to assess bone formation processes -used a bone fraction of alkaline phosphatase which is synthesized by osteoblasts and released into the blood at the middle stage of bone formation. The examinations performed in sheep demonstrated an increased level of CTX bone resorption marker in sheep from the PC group, and a higher level in sheep from the SC group. In the case of b-ALP bone-formation marker, its decrease can be observed in each of the experimental groups. In practical terms this means that there are ongoing processes of bone remodeling with predominant processes of bone resorption (increased levels of CTX in all the examined groups), and decreased levels of b-ALP indicate a retardation or disruption in the process of mineralisation of bones in which it plays an important role. The results of these test indicate that the monitoring of markers of bone turnover is strongly recommended for diagnosis of osteoporosis. (Fig. 2) .
Osteoarthrosis connected with a lack (deficiency) of estrogens was studied by Roman-Bias et al. (2009) who disagreed with the statement that -in contrast to other tissues such as the endometrium, mammary gland and brain -articular cartilage tissue is not responsive to estrogens and their deficiency. In their examinations on rabbits, they proved that ovariectomy significantly affects osteoarthrosis, and additional supplies of glucocorticosteroids accelerate its occurrence and increases the scope of the disorder. Examinations conducted in sheep confirmed the results obtained by Roman-Bias et al. (2009) . Sheep from the PC group were affected with osteoarthrosis at the first level according to the Outerbridger classification, while sheep from the SC group developed degen-erative articular cartilage diseases at the first and second level. Pathology of the cartilage was seen particularly well at articular surfaces of their patellae when examined by means of probing. In the case of osteoarthrosis induced by a deficiency of estrogens it should be remembered that the effect of glucocorticosteroids on articular cartilage is dependent on the particular dose of medicationapplied. Taking into account their dual role (their trophic impact on chondrocytes and their anti-inflammatory properties) such a dose of medication can be determined which will elicit therapeutic effects in the course of osteoarthrosis Canas et al. (2014) .
Many authors observed minor and insignificant declines of bone mass. Lill et al. (2002) in their studies noted 5.5% decline in bone density in the group of sheep treated with ovariectomy. Also Turner et al. (1995) , Turner (2002) and Newman et al. (1995) noted a reduced level of bone density of 3% -8%. Another study (Sigrist et al. 2007) indicates that within 4 months after the treatment of ovariectomy the decline of bone mass within 13%. Examinations conducted 4 months after the treatment of ovariectomy gave similar results to those obtained by Lill et al. (2002) , Turner et al. (1995) , Turner (2002) and Sigrist et al. (2007) .
We noticed a decline of radiological density of 4% in relation to the baseline level in the PC group. Guided by other researchers' insights, examinations of radiological density of bones were also made in the group of sheep treated with steroidal medications (SC). Schorlemmer et al. (2003) in their studies proved that treatment with steroidal medications for a long time would lead to secondary osteoporosis and would intensify changes taking place in the skeletal system. After a six-month application of glucocorticosteroids, a biopsy of tibial bones showed a decrease in bone density of 19%. QCT examinations of sheep from the SC group confirmed that through the application of glucocorticosteroids, after 4 months, there was a decline in radiological density of 13% in relation to the baseline. Results obtained from measurements of the radiological density of bones, indicate that ovariectomy itself did not lead to sufficient loss of bone mass. In contrast, the add-in application of glucocorticosteroids resulted in a more than 3-fold decrease in the value of the parameter.
Comparison of the results obtained in the μCT examinations in the PC group with the results achieved by Newman et al. (1995) who studied the impact of ovariectomy on bones and their micro-structure, indicate that the divergences probably arise from variances in the maintenance of the animals and the duration of the study. As for the SC group, we find confirmation of the results in the literature; Lill et al. The effect of steroids on the structure of bone and cartilage tissues of epiphyses is complex and results, among others, from disturbances in the metabolism of calcium, reduced activity of sex hormones and the direct impact of glucocorticosteroids on bone and cartilage tissue cells. A model of sheep as a large animal for the study of osteoporosis illustrates reduced bone turnover and suppressed mineralisation of bone tissue. Low rates of bone formation and resorption reduce the mechanical strength of the skeleton. The rate of metabolic bone turnover is inversely proportional to the level of estrogens which determines its impact on bone mass in postmenopausal periods in humans. With increasing age there is a dominance of resorption processes over bone-formation and increased loss of bone mass. The assessment of bone turnover and its rates could be made through "bone turnover markers" with its concentration determined in sheep blood and analysed in this study. The biochemical levels of the bone turnover markers are the result of all the reconstruction processes taking place in a given time within the whole skeleton. Their levels allows for prompt assessment of rates of growth of bone-formation and resorption processes, which is very important in foreseeing fractures and bone mass changes when under treatment. The use of numerous research methods in this study in order to diagnose osteoporosis presents an extensive range of diagnostic capabilities to be applied for early detection of osteoporosis being currently available in medicine. Each of the applied methods brings us closer to providing correct and reliable diagnoses. It is concluded that in the diagnosis of osteoporosis, the assessment of changes and their range taking place in the body requires the application of methods aimed at assessing the structural and -simultaneously -mechanical properties of bone tissue.
